Background. Coronary perfusion pressure has been shown to be a significant determinant of return of spontaneous circulation from cardiac arrest during asystole and electromechanical dissociation. The addition of interposed abdominal compression to otherwise standard cardiopulmonary resuscitation (CPR) increases coronary perfusion pressure in animal and human models.
M aintenance of an adequate coronary perfusion pressure is considered a necessary requirement for the return of spontaneous circulation (ROSC) from cardiac arrest.1'2 However, even during optimally performed cardiopulmonary resuscitation (CPR), myocardial blood flow is only 35% of normal. 3 The positive influence of increasing peripheral vascular tone on myocardial blood flow and coronary perfusion pressure during CPR was described by Pear-improving resuscitation outcome have focused on pharmacological measures that increase coronary perfusion pressure. 7 The addition of interposed abdominal compression to otherwise standard cardiopulmonary resuscitation (STD-CPR) refers to the technique of applying external pressure over the abdomen counter to the rhythm of chest compressions. Interposed abdominal compression is a simple adjunct to STD-CPR that can supplement the use of pharmacological measures to increase myocardial blood flow. Interposed abdominal compression during otherwise standard CPR (IAC-CPR) has been shown to improve coronary perfusion pressure in ani-mal8'9 and human10'1' models of cardiac arrest. Significant increases in cardiac output during CPR have been observed with the addition of interposed abdominal compression. 12 Recently, IAC-CPR was shown to improve resuscitation rates and survival of patients experiencing in-hospital cardiac arrest. ' 3 The most striking outcome advantage was seen in those patients whose initial arrest rhythm was asystole or electromechanical dissociation (EMD). Patients experiencing in-hospital cardiac arrest from asystole or EMD have an extremely grave prognosis. 14, 15 Successful restoration of spontaneous circulation from asystole and EMD may be more dependent upon the maintenance of an adequate coronary perfusion pressure than ventricular fibrillation and ventricular tachycardia. We undertook this study to determine whether IAC-CPR could improve resuscitation outcome over STD-CPR in humans experiencing in-hospital cardiac arrest when the initial arrest rhythm was asystole or EMD.
Methods

Protocol
The study institution is a 740-bed tertiary care center affiliated with Seton Hall University School of Graduate Medical Education and the University of Medicine and Dentistry of New Jersey. It is a level-II trauma center, which averages 350 resuscitation attempts yearly.
The study protocol was approved by the institutional review board of the hospital. All patients admitted to the medical or surgical service of the hospital were considered eligible for the study. The study included all cardiac arrests occurring in the intensive care units and general medical wards.
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A code (99) is announced on the overhead page system, and a cardiac arrest team is notified by pocket beeper. The code is supervised by a code team leader, who is a third-year internal medicine resident certified in advanced cardiac life support and trained in the technique of IAC-CPR. In addition to the code team leader, the code team consists of one second-year and two additional firstor second-year internal medicine residents. An anesthesiology resident is always on call to perform endotracheal intubation during a cardiac arrest.
The following exclusion criteria were used: cardiopulmonary arrest secondary to trauma; primary respiratory arrest; history or signs consistent with an abdominal aortic aneurysm; age less than 18 years; recent abdominal surgery (less than 2 weeks); suspected pregnancy; and the return of spontaneous circulation before arrival of the CPR team. In addition, we excluded those patients in whom endotracheal intubation took longer than 5 minutes from the arrival of the code team.
Patients experiencing cardiac arrest whose initial arrest rhythm was asystole or EMD were randomized to receive either IAC-CPR or STD-CPR. Randomization of patients was done via computer-generated random numbers on the day of cardiac arrest.
All patients included in the study experienced primary cardiac arrest. All patients were unresponsive, apneic, and pulseless when CPR was initiated. Cardiac arrests that occur on the wards may not be witnessed; therefore the exact time before initiation of CPR cannot be accurately determined in all cases. The study commenced after the conclusion of our initial survival study examining 135 resuscitation attempts in 103 patients. '3 The IAC-CPR and STD-CPR groups presented here represent an entirely new patient population with a different randomization scheme than was previously
Interventions
Resuscitation attempts were conducted according to current American Heart Association guidelines.'6 1AC-CPR was added after endotracheal intubation in patients randomized to receive IAC-CPR. All medical residents were trained in the technique of IAC-CPR by one of the principal investigators.
Abdominal compression was performed with open hands, one over the other centered over the umbilicus. Abdominal compression was begun at the start of relaxation of chest compression corresponding to CPR "early diastole." The compression force on the abdomen was maintained until the start of the next chest compression. This corresponds to a 50% duty cycle. The abdominal and chest compression rates were equal at 80-100/min. The abdominal compression force was standardized to 100 mm Hg±20 mm Hg. Residents were instructed by placing an air-filled bladder with attached aneroid sphygmomanometer between the hands of the rescuer and the patient's abdomen to monitor the first minute of abdominal compressions. The remainder of IAC-CPR was performed with the air bladder removed. IAC-CPR was continued in this fashion until there was a palpable pulse or the CPR team leader determined that further resuscitation efforts would be fruitless, at which time CPR was discontinued.
Ventilation was performed with a bag-valve-mask apparatus attached to the endotracheal tube. Oxygen was given at a concentration of 100% FiO2 at a rate of five to eight breaths per minute in the IAC-CPR and STD-CPR groups. One of the cardiac arrest team members made frequent clinical assessment of the patient to ensure a patent airway and good airflow in both lungs. Assessment of ventilation was based on the presence of good air entry in both lung fields by auscultation and the analysis of arterial saturation by arterial blood gases.
All patients received 1 mg epinephrine intravenously at the start of CPR (i.e., at initiation of advanced cardiac life support) and at 5-minute intervals. Higher doses of epinephrine were not used. Other resuscitation medications were given in accordance with current advanced life support guidelines.
Data Collection
We recorded demographic and clinical information for each patient at the time of cardiac arrest. The location of the arrest was noted. The initial arrest rhythm was documented as the first rhythm seen on telemetry at the start of CPR. In patients with previously established cardiac monitors, the initial arrest rhythm may reflect the mechanism of cardiac arrest. However, in patients on the general medical wards without cardiac monitoring, the initial arrest rhythm seen may be significantly different than the mechanism of cardiac arrest. Blood pressure in all cases was measured with a blood pressure cuff placed on an upper extremity and attached to an aneroid sphygmomanometer. Patients in intensive care units with previously inserted arterial lines had continuous arterial pressure recordings made throughout the resuscitation attempt. Blood samples were drawn at the start of CPR, at 15-minute intervals, and at the end of CPR for measurement of serum electrolytes, indexes of renal funcreported. tion, and hematological variables. Arterial blood samples were drawn in a similar fashion for determination of blood gas analysis. The dosage of all resuscitation medications given was recorded.
End Points
Patients experiencing cardiac arrest during the study period were followed for 24 hours after resuscitation. Outcome was recorded at the time of resuscitation and 24 hours after resuscitation. Few people experiencing cardiac arrest from asystole or EMD survive to hospital discharge. Therefore, survival to hospital discharge was not prospectively established as an end point. Patients surviving to hospital discharge were evaluated retrospectively. CPR was considered successful when there was return of spontaneous circulation as defined by the presence of a palpable femoral arterial pulse and systolic blood pressure >80 mm Hg for longer than 3 minutes. Other investigators have used the presence of a systolicl or mean'7-19 blood pressure >60 mm Hg as a measure of resuscitation success. All postmortem reports completed by the hospital's department of pathology were reviewed for evidence of abdominal trauma. The pathologist performing the autopsy was not aware of the type of CPR the patient received.
Statistical Analyses
All data were collected and stored on computer with DBASE IV. Statistical procedures were performed using sPss Pc+ version 3.1. The two major groups (IAC-CPR and STD-CPR) were analyzed together and separately. Resuscitation outcome and 24-hour survival rates for both groups were compared using x2 analysis with Yates's correction. 20 Continuous variables were analyzed by Student's two-tailed t test. Categorical variables were compared by either Yates's corrected x2 analysis or Fisher's exact test where appropriate. A stepwise logistic regression model was constructed to examine the effect of the following prearrest variables on resuscitation outcome and 24-hour survival: age; presence or absence of diabetes, coronary artery disease, renal failure, and sepsis; initial arrest rhythm; location of arrest; initial blood gas analysis; and the duration of CPR. Differences were considered significant when the probability values were less than or equal to 0.05. Means are expressed as + SEM.
Results
During the period of July 1, 1990, to June 30, 1991, there were 158 cardiac arrests caused by asystole or EMD (Figure 1 ). Fifteen resuscitation attempts were excluded from the study. Endotracheal intubation was prolonged in five patients. Three patients had recent abdominal surgery, and three patients had a history of abdominal aortic aneurysm. Two patients experienced the return of spontaneous circulation before the arrival of the cardiac arrest team, and two patients experienced respiratory arrest only. One hundred forty-three patients were randomized to receive either IAC-CPR or STD-CPR and followed for 24 hours. IAC-CPR was performed during 67 resuscitation attempts, and STD-CPR was performed in 76 resuscitation attempts. FIGURE 1. Protocol schema. During the studyperiod, there were 158 cardiac arrests in patients (Pts.) with an initial arrest rhythm of either asystole or electromechanical dissociation (EMD); 15 patients were excluded (see text), 67patients were randomized to receive interposed abdominal compressioncardiopulmonary resuscitation (IAC-CPR), and 76 patients were randomized to receive standard CPR (STD-CPR).
Clinical Characteristics of the Study Population
Sixty-nine men and 74 women were studied. The mean age of the study population was 64 years (range, 19-97 years). There was no significant difference in the mean age of the IAC-CPR and STD-CPR groups (64±+2 years versus 63±2 years, respectively,p=NS). The most common clinical diagnosis in the study group was coronary artery disease (41%). In 23% of patients, it could not be conclusively established from the record whether significant obstructive coronary artery disease existed. Table 1 lists the demographic and clinical characteristics of the IAC-CPR and STD-CPR groups. A comparison of clinical variables revealed no significant differences between treatment groups. The initial blood gas analysis of patients experiencing cardiac arrest was pH 7.17±0.04; Po2, 83±8 mm Hg; Pco2, 36±6 mm Hg; HCO3, 16±2 mmol/l. No significant differences were found in initial arterial blood gas analysis, baseline serum electrolytes, and hematological values between the control and treatment groups. The ending blood gas analysis of the study group was pH 7.10±0.05; Po2, 122± 8 mm Hg; Pco2, 27±3 mm Hg. There was no significant difference in the ending blood gas data between the IAC-CPR and STD-CPR groups.
There was significant variation in the duration of the resuscitation attempts (median, 22 minutes; range, 5-80 minutes); however, there was no difference between the IAC-CPR and STD-CPR groups (24±2 minutes versus 24±2 minutes, p=NS). There was a high incidence of renal insufficiency in the both the IAC-CPR and STD-CPR groups as indicated by elevation of the serum creatinine and blood urea nitrogen levels (BUN) at the start of CPR (creatinine, 2.6±0.3 mg/dl versus 3.2±0.5 mg/dl, p=NS; BUN, 51±5 mg/dl versus 49±5 mg/dl, p=NS). Table 2 lists the principal clinical diagnosis of the study group before cardiac arrest. Seventy-six percent of all resuscitation attempts were performed in the intensive care setting and 24% on general medical and surgical wards. There was no significant difference in location of arrest between the IAC-CPR and STD-CPR groups (intensive care, 81% versus 76% and wards, 13% versus 18%, respectively, p=NS). There was no significant difference in the frequency of presenting rhythm between the IAC-CPR and STD-CPR groups. Asystole was the initial arrest rhythm in 44 patients (66%) receiving IAC-CPR and 53 patients (70%) receiving STD-CPR (p=NS). In the remaining patients, the initial arrest rhythm was EMD ( Table 3 ).
Return of Spontaneous Circulation
ROSC was defined by the presence of a palpable femoral arterial pulse and systolic blood pressure >80 mm Hg for longer than 3 minutes. The overall resuscitation rate for 143 resuscitation attempts was 38%. The IAC-CPR group had a significantly higher rate of ROSC than the group undergoing CPR by standard methods (49% versus 28%, p=0.01).
24-Hour Survival Analysis
The overall 24-hour survival rate was 22%. There was a significantly greater proportion of patients surviving 24 hours in the IAC-CPR group than in the STD-CPR group (33% versus 13%, respectively,p=0.009). Table 4 compares the resuscitation rate and 24-hour survival rate for each initial arrest rhythm. No patient from either group survived to hospital discharge with intact neurological function. Other 3 1 Acute renal failure 2 4 Chronic renal failure 7 7 Acute myocardial infarction 3 4 Congestive heart failure 3 7 Atrial arrhythmias 1 1 Ventricular arrhythmias 1 1 Complete heart block Hepatic encephalopathy 1 1 Complete data not available on all patients. Numbers are not mutually exclusive.
IAC-CPR, interposed abdominal compression-cardiopulmonary resuscitation; STD-CPR, standard CPR; S/P, status post; CABG, coronary artery bypass grafting; PTCA, percutaneous transluminal coronary angioplasty; IABP, intra-aortic balloon pump; AIDS, acquired immune deficiency syndrome; COPD, chronic obstructive pulmonary disease; GI, gastrointestinal.
Multivariate Analysis
We examined prearrest variables considered predictive of outcome from CPR for their effect on ROSC and 24-hour survival. The only variable consistently predictive of ROSC was initial arrest rhythm. The relative risk of not surviving the immediate resuscitation attempt in patients with asystole was 2.7 times (95% confidence level, 1.7-3.7) that of patients with EMD (p=0.01).
However, this effect was not seen when 24-hour survival was the dependent variable. There was no effect of age (Figures 2A and 2B ) or the presence of diabetes ( Figure   3 ) on ROSC or 24-hour survival. The coefficients, standard errors, and significance of the variables remaining in the final logistic model are presented in Tables 5 and 6 . The interpretation of the equations is that a low Po2 or Pco2 obtained on initial arterial blood gas analysis is associated with a poor outcome. These data must be interpreted with caution, however, as the primary purpose of this study was to compare IAC-CPR with STD-CPR with respect to resuscitation outcome, not to evaluate predictors of resuscitation success. The finding that a low initial Pco2 was associated with a poorer outcome is surprising. However, the time from cardiac arrest to measurement of Pco2 was short. It may be that the lower Pco2 reflects compensation for a metabolic acidosis. Metabolic acidosis has previously been correlated with poor outcome from cardiac arrest. Complications Before intubation, emesis was noted in eight of 67 patients (12%) in the IAC-CPR group and in eight of 76 patients (11%) in the STD-CPR group (p=NS) ( Table  7 ). After intubation, emesis occurred in five more patients in the IAC-CPR group and in seven more patients in the STD-CPR group. These differences were not statistically significant by x2 analysis. We examined patients for clinical evidence of abdominal trauma, including the presence of hematoma, persistent abdominal pain, or the need for abdominal surgery during the postresuscitation period in patients who survived the resuscitation attempt. We found no evidence of abdominal trauma in this small sample of patients.
Postmortem reports were obtained on 11 subjects and reviewed for evidence of abdominal organ damage. There were five patients from the IAC-CPR group and six patients from the STD-CPR group for whom necropsy data were available (Table 8 ). We found no evidence of abdominal organ damage in the small subset of patients who received IAC-CPR and underwent necropsy.
Discussion
The reported outcome of patients experiencing cardiac arrest varies widely. Differences in discharge rates principally depend upon where the cardiac arrest took place (inversus out-of-hospital) and the initial mechanism of cardiac arrest. Published survival rates for out-of-hospital cardiac arrest during all cardiac rhythms range from 2% to 25%.2122 Outcome from in-hospital cardiac arrest is generally poorer,23 26 and worse outcomes are seen in the elderly27 and in patients whose initial arrest rhythm is asystole or EMDZ8 30 Few patients experiencing in-hospital cardiac arrest from asystole or EMD survive to hospital discharge.'s In the present study, we observed a significant improvement in resuscitation rates and 24-hour survival with the addition of interposed abdominal compression to otherwise standard CPR in patients with asystole or EMD.
Experimental studies of cardiac arrest have shown that the most common rhythms seen after immediate countershock are asystole and EMD.31 Although restoration of electrical activity of the heart may occur, there is no effective mechanical contraction caused by diffuse myocardial ischemia.1,32 Attempts to correct these rhythms must be directed toward the restoration of myocardial perfusion. Several investigators have shown that coronary perfusion pressure is a major determinant of the return of a perfusing cardiac rhythm after cardiac arrest. 33 Recent focus has been on the use of high-dose catecholamines for augmenting coronary perfusion pressure during CPR.
The addition of interposed abdominal compression to otherwise standard CPR has been used by several groups in an attempt to increase coronary perfusion pressure. Studies have demonstrated a significant improvement in aortic diastolic and coronary perfusion pressure during CPR with interposed abdominal compression.34'35 Figure 4 There are several possible mechanisms by which IAC-CPR may facilitate ROSC during resuscitation from cardiac arrest. Interposed abdominal compression may provide hemodynamic augmentation similar to that provided by the use of catecholamines, such as epinephrine. Epinephrine significantly improves coronary perfusion pressure; however, it increases myocardial oxygen consumption (Mvo2) as well. This may be detrimental, especially in the setting of myocardial ischemia. The use of interposed abdominal compression may be an easily applied technique that can supplement the use of exogenous catecholamines during cardiac arrest.
The second mechanism by which IAC-CPR may improve hemodynamics during CPR is priming of the thoracic pump. The thoracic pump hypothesis of blood flow during CPR states that global increases in intrathoracic pressure are equally transmitted to the heart, lung, and pulmonary vessels such that the intrathoracic blood pool is advanced with each compression.38 During CPR diastole, elastic recoil of the thorax refills this reservoir from the extrathoracic veins. Interventions that increase intrathoracic return would be expected to increase cardiac output. We believe there is augmentation of venous return (so-called "priming the pump") with IAC-CPR. Additionally, Howard et al39 demonstrated that the same systemic arteriovenous pressure difference on a higher venous pedestal may better overcome capillary closing pressure, especially in the myocardium.
This would be expected to improve myocardial perfusion. Although these factors appear to play a significant role in return of spontaneous circulation from cardiac arrest, further study onf blood flow during IAC-CPR in humans is necessary.
The primary goal of this study was to determine whether the addition of interposed abdominal compression to otherwise standard CPR improves resuscitation outcome in patients experiencing in-hospital cardiac arrest from asystole and EMD. In our prior study of in-hospital cardiac arrest,13 a significant improvement in resuscitation outcome was seen with the use of interposed abdominal compression during all initial arrest rhythms. The most significant resuscitation advantage was seen in those patients with asystole and EMD. However, subgroup analysis did not allow adequate statistical comparison between the IAC-CPR and STD-CPR groups. We undertook this study to examine the effects of IAC-CPR in patients with asystole and EMD. This study represents an entirely new population with a different randomization scheme than previously reported.
Although we demonstrated improved resuscitation outcome with the use of IAC-CPR, the present study had limited scope and objectives. Because patients with asystole and EMD have a grave prognosis, we elected to study the immediate resuscitation outcome, namely, ROSC and 24-hour survival. However, no neurological assessment was made at 24 hours. This significantly limits our findings. Moreover, there were few survivors to hospital discharge, and no patient was discharged from the hospital with intact neurological function. Resuscita- tion of a patient who is then left with severe neurological deficit may not be appropriate in all instances. The inability to adequately blind the investigators during the resuscitation process is an unavoidable limitation of our study. There may have been significant observer bias in favor of the IAC-CPR group. In addition, enthusiasm for a new form of CPR may have led to more heroic resuscitative efforts in the IAC-CPR group. However, if this were the case, one would expect to find extremely poor resuscitation rates in the STD-CPR group. In fact, our overall resuscitation rate of 28% for STD-CPR is consistent with previously published reports. [24] [25] [26] In addition, the duration of CPR was not significantly different between the IAC-CPR and STD-CPR groups. These findings are also not consistent with prolonged efforts favoring the IAC-CPR group. Babbs et a140 demonstrated enhanced coronary perfusion pressures with IAC-CPR by mechanisms completely independent of "investigator enthusiasm." Although investigator enthusiasm was not evident in our study, its potential impact cannot be ignored.
We did not standardize chest compressions. There may have been differences in the force of chest compression between the IAC-CPR and STD-CPR groups. Compression rate and force may be critical factors in determining resuscitation outcome. In addition, higher compression forces may be associated with a higher incidence of rib fractures and pulmonary atelectasis. There were no differences in ending Po2 data between the IAC-CPR and STD-CPR groups to reflect a higher incidence of atelectasis. However, we did not systematically look at the incidence of rib fractures between groups. This, too, may limit our findings. Many investigations in both animal and human models of cardiac arrest have attempted to standardize both compression rate and compression force with various mechanical devices (i.e., Thumper). However, these devices are not easily transported within a facility. The use of these devices would have prohibited us from initiating CPR in a timely manner.
Early studies of continuous abdominal pressure during CPR led to concerns of abdominal organ damage, specifically hepatic rupture during simultaneous chest and abdominal compressions.41-43 However, recent studies using abdominal compression techniques have failed to substantiate these concerns.4445 This may be due to the fact that during interposed abdominal compression there is zero or near zero pressure applied to the abdomen during chest compression. The liver is not splinted and trapped beneath the rib cage as occurs with continuous abdominal pressure. In the present study, there was no clinical evidence of abdominal trauma in either the IAC-CPR or STD-CPR groups. However, we used clinical variables that may not have good sensitivity in detecting abdominal trauma. Biochemical markers of hepatic function were not evaluated. Although we found no evidence of abdominal organ damage in a small subset of patients from the IAC-CPR group who died and underwent necropsy, this small subset of patients may not be representative of the entire study group. There may have been significant abdominal organ damage caused by interposed abdominal compression that was not detected. We found no evidence of increased rates of emesis or aspiration of gastric :-:1 1. 11i: :1-. contents in patients undergoing IAC-CPR. The absence of a difference between the IAC-CPR and STD-CPR groups is consistent with prior studies in animals46 and humans. 45 Previous investigations on the use of IAC-CPR have varied moderately in the technique. We elected to apply IAC-CPR with open hands, one over the other, thus more centrally directing the compression force toward the abdominal aorta in an effort to maximize aortic diastolic pressure. There are no data supporting this method of IAC-CPR as the optimum application of abdominal compression during CPR. In fact, Babbs47 showed that the central arteriovenous pressure difference is maximized when abdominal pressure is applied directly over the abdominal aorta, hence, the recommendation that abdominal compression should be applied just leftward of the umbilicus. However, this may predispose to increased risk of abdominal organ damage and may be more difficult to teach rescuers. We believe that the previous use of folded manometers by other investigators for the duration of CPR may have contributed adversely to the overall effect of interposed abdominal compression by decreasing the pressure force per unit area directly exerted upon the abdominal aorta, thus underestimating the benefit of IAC-CPR.
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IAC-CPR is an easily applied manual technique that is an evolution, not a revolution, in the treatment of cardiac arrest. We observed an improvement in resuscitation outcome in a small sample of patients suffering from in-hospital cardiac arrest. The addition of interposed abdominal compression to otherwise standard CPR is an optional adjunct for which asystole and EMD may be future indications.
